National Defen ofﬂanhhulSuMnidﬂﬁnthe
:'gqiud&oﬁzhantmio-Jl and 32,
ks tramemission or the revelstion of its contents in
=y manner vo an unsutharized pereon is prohibited by
so classiied may be imparted only
junpuumslnth military. ?ulnumlSazralz;::
3 officers an emp
A m;ta:b?hv?hane mterﬁ
therein, and to United States citizens own loyalty
dhﬂdmnu&ao‘nuwnmymnubauﬂmnnd§L=«£

PECHNICAL NQTES

P
WATIONAL ADVISORY COMMITTEE FOR AFNRONAUTIGCS ;f’ N ﬂ’
: o -’. Ty .
CLASSIFICATION CANGELLED .
No. 822 - . e e
3 i .
™
.
%ANDEM AIR PROPELLERS - II -_
By B. P. Lesley -
— 471 Daniel Guggenheim Aeronautical Iaboratory o
V& Stanford University R
S EL'-7 o
5 . :) . DL NP
I'J - . e -\’_P,
o e — oo, o R T
AR o

{ Washington -
TAugust 1941



T

01425 7431 ) ST

- . N

NATIONAL ADVISORY COMﬁITTEE FOR AERONAUTICS
- TECHEICAL NOTE NO. 822

TANDEMY AIR PROPELLERS -~ II

By E. P. Lesley
SUMMARY

Tests of three-~blade, adjustabls-pitch counterrotat-
ing tandem model pPropellers, adjusted to absord equal power
at maximum efficiency of the combination, were made at
Stanford University.

The aerodynamic charactoristics, for blade-angle set-
_tings of 159, 25°, 350, 45°, 55°, and 65° at 0,75R of the
forward propeller and for diametor spacings of 81, 15, and

30 percent were compared with those of throoeblaie and six-

blade propellers of tho same blade form,

It was found that, in ordor to realizo the condition
of equal power at mazimum officicncy, the blade angles for
tho rear propeller must be generally less than that for the
forward propeller, the difference increasing with blade
angle,

: The tests showed that, at maximum efficiency, the tan-
‘" dem propellers absord about double the power of threeo-
bladoe propellers and about 8 perconit more power than six-
blade propellers having the pitch of the forward propeller
of the tandem combinatlon.

The maximunm efficiency of the tandem propellers was
found to be from 2 to 15 porcent greater than for six-
blade propellers, the difference varying directly with
blade angle, It was also found that the maximum efficien-
¢y of the tandem propellers was greater than that of & three-
blade propeller for blads angles at 0,.75R of 25% or more,
The difference in maximum efficioncy again, varied directly
with blade angle, beling about 9 percent for 65 at 0,75R,

INTRODUGTION

Tests of two-blade oppositqoly rotating teandem propei~
lers were carriod on at Stanford University in 1918 (refer-
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ence l). The results were not promising. It was found
that the efficiency of the combination was less than that
of a single two~blade propeller. Although no tests of
four-blade vropellers were made at the time, it now ap-
pears that the tandem propellers showed little, if any;—
greater efficiency than would be expected for four-blade
propellers of similar form designed to absorb the same
power. It was 2lso found that, in the region of maximum
efficlency, the torgue of either propeller was reduced
when the other developed thrust. The maximum pitch-diam-
eter ratlos employed in these tests was 0.9, which corre-
sponds to a blade angle of 210 at 75 percent of the tip
radius (0.765R).

At avout the same time, Lanchester suowed that tan-
dem propellers might develop consideradbly greater effi-
clepecy than a single propeller, particularly for pitch—
diameter ratios as great as 2 or possibly 3 (reference 2).

A second experimental study of this subject was made
at Stanford in 1938 (reference 3). It was shown that,
compared with four-blade propellers absorbing about the
same power, the tandem propellers developed the higher
efficiency. The gain in efficiency was found to be more
pronounced for the propellers of large blade angles, be-
ing about 0.005 for 159 at O.75R and 0.015 for 4590 at the
same station. It was also found that, for the largest
bPlade angle investigated, 459 at 0.75R, the tandem propel-
lers were slightly superior in efficiency to a single
two-Dblade propeller. In view of the promising results of
these tests, particularly for the higher blade angles,
the subseguently described investigation was carried on
at the request and with the financial assistance of the
National Advisory Committee for Aeronautics.

The tests reported in reference 3 indicated an effi-
clency advantage for tandem propellers that varied di-
rectly with blade angle. It was therefore presumed that
greater blade angles would show greater advantages. For
the airplane speeds now commonly attained, greater blade
angles than those employed in the previous tests might be
desiradle and, for speeds of 400,to 500 miles per hour
and for permissible resultant tip speeds, -blade angles as
great as 65° might be required. The range of blade angles
employed in the present investization was therefore ex-
tended to Include 65° &t 0.75R. Three blade units were
chosen for the tandem combination and a six-blade propel-
ler for comparison with it.
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Tre condition selected for the tandem propeller tests
was that the powers absorbed by the two propellers shounld
be equal at maximum efficiency. Since the angular veloci-
ties were equal, tiis condition provided that there would
be balanced torque and a slipstream, on the average, free
from rotation.

APPARATUS AND TESTS

—— R e

wind tunnel of the Daniel Guggenhelm ‘Aeronautic Laboratory
at Stanford University. The tunnel is of the Eiffel type
with ®pen throat, 7% feet in dismeter. The maximum wind
velocity is 90 miles per hour.

Dynamometer.~ The model propeller dynamometer has
been described in reference 3. It provides for measure—
ment of torque on the two propellers inderendently so that
the difference in power absorbed as well as the total may
be determined. Only tne total thrust is measured.

Bodel propellergs.~ The right-~ and the left-hand
three-blade propellers for the tandem combination were
three-foot-diameter, metal, adjustable-pitch models of
standard U. 8. ¥avy plan form and blade sectiomns., The geo-
metrical pitch-diameter ratio, for a blade angle of 16.6°
at 0.75R, was 0.7 from O.6R outward to the tip, The
pitch-diameter ratio gradually decreased toward tine hub

from O.B6R to 0.42 at 0.15R. Dimensioned drawings and sec—
tion ordinates of the blades (decignated B) are given in
reference 4,

In the six-~-blade propeller, in order to provide suffi-
cient room for the blade~clamping device, the hub was made
inch greater in diameter tnan the three-blade hubs. The
blades were thus set ont g inch, making the propeller
37 inches in diameter. As a result, there were slight
differences in pitch-diameter, width-diameter, and thick-
ness—-width ratios as functions of the ratio of station
radius t6 tip radius (r/R) for the three-blade and the
six-blade models, as shown in figure 1. While these dif-
ferences might conceivably have some effect on compara-
tive tests of three-blade and six-blade prorellers, 1t is
believed taat such an effect wounld be insignificant in
comparison with the effect of difference in solidity. The
aprearance of the propellers, when mounted on the dynamom-
eter ready for test, is shown in figures 2 and 3.
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Tests.~ Tests were made of each propeller alone,
three-blade right-hand, three-blade left-hand, and six-
blade, for blade angles of 150, 28°, 359, 45°, 55°, and
6560 at 0.75R. Tests of the tandem propellers were made
with the forward (right-haund) propeller also set at these
blade angles but with the rear (left-hand) propeller ad-
Justed to absorb the same power as tne forward propeller
at maximum efficiency of- the combination. Por the 25°
blade angle of the tandem propellers, three axial spac-
ings were employed, 8% percent, 15 percent, snd 30 per-
cent of the diamster, from center to center of the blade
shanks. Other tandempropeller testas were made at the
l5-percent~dlameter spacing only.

Constant angular velocities were used for each Dblade
angle, variatlon in the parameter V/nD (pitch-diameter
ratio) being secured through change of the wind velocity.
Because of limitations imposed by maximum wird speed and
by power and rotational speed available in the dynamome-
ter, the rotational speeds employed were 2100, 2100, 1575,
1150, 900, and 650 rpm for the 15°, 25°, 359, 450, 559, ‘
and 650 blade angles, respectively. The Reynolds number
of the tests thus varied from 0.116 to 0.036 full scale,
assuming full-scale propellers 9 feet in diameter turning
at 2000 rpm. The test data were rednced to the coefficient
form: '

T
Th t ficient, =
rust coefficien Cp —x
ici = ——L
Fower coefficient, CP = SnEDE

Efficiency, m = w_&o Y

Speed power coefficient, O =f/91-§- 1-5 L
Pn?2 nD CP

where T propeller thrust

p mass densgity of the air

n revolutions per unit tinme
D propeller diameter

P power absorbed

V velocity
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RESULTS AND DISCUSSIOR

The difference in blade angle reguired to meet the
condition of balanced torgque at maximum efficiency of the
tandem propellers is shown in figure 4. It agrees close-
ly, possibly within the error of measurement, with that
found in reference 3. The conclusion reached in reference
1, that to absord egual power the two propellers shounld
have the same pitch-diameter ratio, appsars to have been
not far wrong for the blade angles employed, 12° to 210,

That the difference should vary directly with blade
angle might have been predicted. TFrom momentum theory,
the forward propeller induces increments to the velocity
of the air stream acting on the rear propeller. The axial
increment, induced by thrust, decreases the angles of at-
tack of the rear propeller blades., The circumfsrentisl
increment, induced by torque, increases the angles of at-
tack. - From blade-element theory, thrust varies inversely
and torque directly with blade angle. Therefore, as the
blade angle of the forward propeller is increased, the
angles of attack of the rear propeller tend to become pro-
gressively greater and its blade angle must be reduced to
realize the condition of balanced torque. It further seems
guite possible that, at the 150 blade angle, the axial
increment of velocity is great enough to more than over-
come the effect of the circumferential increment. The
rear propeller blades must thus have a greater angle for
balanced torque. as shown.

Varlation in axial spacing of tandem oropellers 1s_
found to have a.minor effect on performance. TFigure b
shows the results of tests for the 2350 brade angle. It -
may be seen that, for conftinued balanced torque; the blads
angle of the rear propeller 1s increased somewhat as the ., |
spacing becomes greater. The ‘thrust and power coefficients
glso vary slightly and dlrectly with axial spacing, . This
variation is perhaps ‘l1ittle more than would be expected .
from the*change in.blade angle of the rear propeller. Sim-
ilar results were derived from the tests of reference 3.

EE

The apparent effect of spacing on efficiency is ex~
tremely .small, but -that indicated by the present tests is
opposite to that shown-in reference 3. .In either casse,
however, the chaenge in maximumn efflciency. ‘presumably
brought about by variation in spacing, is less than 1 per—
cent. Since the effects are small and inconsistent,
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they may be attributed to experimental error. As evi-
denced by consecutive tests of a single propeller, the
probable error in meximum efficiency is about 0.005.

The test date for right-hand three-blade, six~dblade,
and tandem propellers are given in.tables I, II, and III.
FPor the tandem propellers, C and C are coefficients
computed for the total power absorbeg and OCp & coeffi-
cient for total thrust. The wvalues in the column - headed
C.(RE-LHE) are the difference in power coefficients of
Ee forward (right-hand) and rear (left-hand) propellers.

In figures 6, 7, and 8, and m are repre-
sented as functions of V nD. En tEese figures, logarith-
miec scales are employed, which permits showing small and
large numerical values of the data with egual reletive
accuracy and, at the same time, keeps the diagrams within
moderate size. These figures were prepared by plotting
the tabular to arithmetical scales, drawing representa-
tive curves, and taking off values of Crmo GP’ and n

at convenient points. If plotted, points will be found
to lie, with few exceptions, upon or very close to the
curves shown. . Design charts for the gelection of three-~
blade, slx-blade and tandem propellers are shown in fig-
ures 9, 10, and 11l.

Graphical and tubular date for the thres~blade left-
hand propellers are, in the interest of brevity, omitted
from this report. It was found that the results of tests
of right-hand and left~hand propellers were, within the
limits imposed by. probable errors in dlade &ngles and in
experimental observations,; substantially the same. The
probable error in blade angle is }0.19. Because of pos-
gible inclination of the mandrel on which the propellers
were placed for blade-angle adjustment and measursment,
the error may have been of one sign for the right-hand
propellers and of the opposite sign for the left-hand pro-
pellers. A difference in blade angle of 0.20 is guffi-
cient to account for the greater part of the disagresment
in results of tests.

Figure 12 shows the effect of each propeller of the
tandem combination upon the power . absorbed by the other

at maximum efficiency (nmax). For the forward propeller,

the effect shown was derived by direct comparison of the
c for that propeller when alone with the Cp when in
the tandem combination. In the second case, CP is gen~
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erally one half the GP for the tandem propellers as a
whole since, at maximum efficiency, the torque was bal-
aenced as nearly as practicable. For the rear propeller,
it. was necessary to interpolate power coefficients for
the propeller alone because generally that propeller was
tested alone only at the same blade angles as the forward
propeller. A check test for the rear propeller at 53,1°
was made., The coefficients agreed closely with those de-
rived by interpolation.

Figure 12 shows that the rear proreller has a negli-
gitle effect on the power absorbed by the forward propel-
ler for blade angles greater than 250, At lower blade
angles, the power absorbed by the forward propeller is
decreased by the action o0f the rear propeller. For the
rear propeller, the power absorbed is greatly increased
by the forward propeller at the largest blade angle and
reduced Dby about the same amount at the smallest blade
angles This figure i1s effectively in agreement with figure
4. It also bears out the conclusion of reference 1 that,
for blade angles of 210 and less, the power absorbed by
either propeller is reduced by tke presence of the other.

A summary of performance characterics at maximunm
efficiency for three-blade, six~tlade, and tandem propel-
lers is shown in figure 13. It is evident from this fig-
ure that, for blade angles above 25°, the power absorbed
by the tandem propellers is about twice that absorbed by
a single three-blade propeller of the sauwe size. ' For
blade angles less than 259, there is 2z marked reduction
of the ratio. The tandem propellers absorb an average of
B percent more power than six-blade propellers of equal
size.

For all blade angles, the tandem propellers have
greater maximum efficiency than six-blade propellers.
The difference varies directly with blade angle and be-
comes about 15 percent at 65°9. ‘For blade angles above 250,
the maximum efficiency of tandem propellers is greater
than that of single three-blade propellers. The differ-
ence agaln varies directly with blade angle and is about
9 percent at 559, TFor blade angles less than 25°, the tan-
dem rropellers show less maximum efficiency than three-
blade propellers.

The relation of the maximum efficiency curves for
three-blade and tandem propellers may be predicted. The
difference in maximum efficiency at the 159 blade angle
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is less than the difference in ideal efficlency of momen-
tum theory. The rotational energy in the slipstream of
the three-blade propeller set 150 is small end therefore
little is to be gained through even complete conservation,
a8 shown by Lanchester in reference 2. On the other hand,
the difference in ideal efficiency for the 65° blade an-
gle is one-fourth that for the 159 blade angle. The rota-
tional energy of the slipstream of the three-blade prorel-
ler set 65° is manyfold greater. BEven partial conserva-
tion may therefore result in considerably improved
efficiency. ‘

Calculations for efficiency, based on combined blade
element and momentum theories, yielded results qualita~
tively in agreement with tests, but the differences found
were less than those shown in figure 13. A source of rela-
tive efficiency for the rear propeller that was greater
than claculated may be Kategmayr effect. The rear propel-
ler bPlades move in a wind stream of varlable velocity and-
direction induced by the forward propeller. It has been
shown that, in an oscillating wind stream, the drag of an
airfoil, referred to the mean direction offlcv, bécomes
smaller and may even be negative (retference 5). This ef-
fect would increase the computed relative efficiency of
the rear propeller and thus that of the tandem combination.

FPilgures 10 and 11 show, as would be expected from
figure 13, greater efficiency for tandem propellers than
for the six-blade propeller at all values of Cg4 Figures
9 and 11 indicate greater efficiency for tandem propellers
than for three-blade propellers at values of ( greater
than about 1l.3. .For equal power, revolution.sgeed, and
velocity (equal © ). the diameter and hence the tip spesd
will be greater for three~blade propellers than for tandem
propellers. Tip speed may affect efficisncy. It there-
fore geems that a more logical basis for comparigon of effi-
ciency than at equal wvalues of_ ¢C is at equal velociltles
of advance and tip speeds, or at equal values of V/nD.

The V/nD for equal maximum efficiency of three-blade and
tandem propellers is about 0.85. For greater values of
V/nD. tandem propellers have the greater maximum effi-
ciency. TFor a resultant tip speed of 1000 feet per sec~
ond, the velocity of advance at V/nD = 0.85 .15 about 180
miles per hour. TFor lower tip speeds, the velocity of
advance is proportionally reduced.. It may be thus seen
that tendem propellers will have, at permissible tip speeds,
greater efficiency than three-blade propellers at veloci-
ties of advance in excess of 180 mniles per hour.
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Tandem propellers appear to give no promise of im-
proved airplane performance at velocities below 180 miles
per hour unless the tip speeds are less than 1000 feet
per second. They should have, however, particularly in
the estimation of the atrplane pilot, two incidental ad-
vantages that may compensate for a small loss of effi-
ciency at low speed. These are: (1) improvement in longi-
tudinal control through ellmlnation of rotation from the
air stream which acts upon the tail surfaces; and (2) im~
provement in lateral control through removal of rolling
moment dus to unbalanced torque.

Tandem propellers may possibly result in a decrease
of weight-power ratio from that attainable with single
propellers. It may be assumed that the tandem propellers
would have twice the weight of three-blade propellers of
the same size and that the weight of simllar propellers
varies as the cube of their linear dimensions. If these
assumptions ars tenable, the weights of tendem and thres—
blade propellers for equal power and a2t equal tip speeds
will be in the ratioc of 1 to & 8.

Aside from design of pitch-control mechanism, tan-
dem propellers appear to present but two possible diffi-
cult problems: elimination of noise and of danger from
struectural failure.

The rear propeller blades especially, as they pass
through an air stream of variable velocity and directlon,
produce noise. The frequency of the sound waves is, for
equal rotatienal speeds of three-blade tandem pr0pellers,
6 n.” The intensity and the volume of the sound depends
upon the violence of velocity and directional changes en-
countered by the " Dblades and upon the amplitude of the vi-

brations induced in them. —n

In the present model tests, the noise of the tandem
propellers was most noticeablse at the higher rotational
speeds used for the smaller blade angles. If the volume
of sound should.inecrease continuously with scals, the
noise of tandem propellers may constitute an objectional
feature in flight.

It is obvious that, because of variation in load,
forced vibratlons of the same frequency as that of the
sound waves will be impressed upon the propeller bladesg.
If this freguency is egual or close to that for some mode
of elastic vibration of the ' blade itself, there will be
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increased amplitude of vibration with resultant stresses
possibly greater than allowabdle.

Although there was no evident blade flutter during
the model-propeller tests, 1t is believed this rrobdlem
may be serious in full-scale operation. The frequency
for the first mode of vibration for the model blades was
found, by experiment, to be about 90 cycles per second.
The frequency for the second mode was estimated to be
"about 560 cycles per second. For geometrically and elas-
tically similar blades, the frequency of vibratlion varies
inversely as the linear dimensions, and thus the freguency
for the second mode of vibration of a 9-foot propeller
would be 186 cycles per second. At 1860 rpm, however, the
frequency of forced vibration of three-blade tandem pro-
pellers will also be 186 cycles per second.

The freguency of elastic vibrations will be increased,
in rotation, by the stiffening sffect of centrifugal force.
It appears that, for full-scale propellers of gimilar form
and material to the models, the fregquency for the second
mode of elastic vibration may be dangerously near that of
the forced vibrations. 1In any event, it seoms that the pos-
sible effect of synchronous forced and elastic vidbrations in
proposed installations of tandem propellers should be inves-
tigated.

CONCLUSIOQONS

These tests have shown that, for blade angles of 159
to 650 at 75 percent of the tip radius (0.75R), identical,
‘counterrotating, three-blade, closely spaced tandem pro~
pellers, adjusted to absord equal power at maximum effi-
ciency, have from 2 percent to 15 percent grester efficien-
ey than that of six-blade propellers of similar blade form.

Tandem propellers have lower maximum efficiency than
single three~blade propellers for blade angles at 0.75R
less than =250, PFor larger blade angles, the tandem pro-
pellers have an increasing advantage which becomes about
9 percent at 659.

Tendem propellers absorb, respecti%ely, about 8 and
100 percent more power than six-blade and tnree—blade pro—
pellers of egqual size.

Daniel @uggenheim Aeronautical Laboratory,
Stanford University, September 20, 1939.
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» 1351 3886 1,843 + 843 B.300 1eom N 2,573
«1328 «5899 1,441 «410 2.217 1148 556 B.498
» 1528 » 3081 1,283 +365 2,127 . 547 R.300
anBB - 3948 1.158 23R8 2,065 +1108 54l 2.358
+1348 3587 . o377 1,068 «1078 520 2.212
1.804 « 1047 «BR0 2,088
1.676 «1020 b18 1.913
» 380 «1010 »0612 1.70%
"1 1.362 . 1008 « 505 1.870
1.196 «2000 « 503 1,368
«1000 « 500 1,13
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SixsBlads Right-Hsnd Propsller

TABIR II

Bix-Blade Right-Hand Fropellsr

TABLE II

8% ak 075 1
/oD Co Gp Ou K
0,608 00718 | 10,0388 | 1370 | 0,485
e 0437 08 | 1198 629
<504 L0830 OB | 1,088 .68
843 0794 0681 948 004
S48 .0960 .0608 o844 .686
o5 1077 0738 o 600
A28 J1208 .OTeS .80z .82
K 314 L0628 815 504
3 J1588 L0844 .06 563
597 V1494 «0873 54 <508
+838 J1E74 0087 o419 .28
+208 anr .0038 W30 .35

85* at 0,76 R
Y/uD Oy Op Oy "
1.009 0.0391 0.0719 1,080 0.808
1.087 #0581 20864 L7948 + 881
1.0R% LT8R «1002 1.880 o753
976 084 21147 1,008 <760
+IRB «1082 1877 1,408 « 784
<883 »1188 » 2378 1.518 TR,
N « 1347 1479 L.ee7 «TOL
7188 +1485 «1B88) 1,145 +T49
748 + ASRE +1848 1,084 « T3S
+859 17T «ATRE 7R +TOR
+838 21897 Q7179 908 380
N -] +2083 +1888 682 +B48
+B38 »2158 <18%8 749 +616
» 490 +HRTL +1809 +089 BT
448 2351 «1901 +880 . 548
382 +R400 + 1948 «530 471
« 308 «B411 +B0B9 +419 S50
801 R4S «BOAR 276 N

SR NI
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TABLE II

Six-Blade Right-~Hand Propeller

Bix-Blads Right~-Hand Propellex

TABLE II

35° at 0,73 R
v | o o 6o |
1,580 0,0868 0.1433 8,348 0,618
1,548 L0751 . 2,008 + 880
1.B518 .08481 «1807 2,130 « T80
1.481 20048 »1908 2,060 «T38
1,460 + 10320 1004 2.014 4T84
1.438 1110 « 2089 1.958 . 787
L.402 «1828 2819 1.603 776
1378 1201 2888 1.04% «TTY
1,545 +1408 +J23e 1,78% « 790
1.514 « 1477 2468 1.757 .86
1,888 215768 587 1, TR0
1.847 + 1686 +2680 1.8R5 78
1,221 T W 2TAS »278L 1.E688 .788
1l.184 +1640 +2808 1.087 »T78
1,153 21087 »2880 o479 T8
1,180 L2000 <2041 1.452 2T8%
1,058 | :al 3038 1.344 749
N0 +£L308 +3158 1.881 #7850
»ORS «240), 3833 1.260 +887
-B858 2364 BB 1,071 «6E1
«TRA «2400 + 3300 508 +E588
18 «2520 « 3438 - 380
«388 L2007 3512 «478 +283
24 +2548 « 3578 298 2178

A5* at 0.75 R
V/oh Gy Cp Cy "
2,180 0.0018 0.3088 2.767 0.654
2,188 1060 3271 2.861 .880 |
2,000 1159 3401 2.807 702
2,084 1268 » 35680 2,528 732
2,083 J1364 3707 2.470 T390
1.088 1501 +3900 R,577 57
1.940 2878 +AOAL 2,529 57
'1.876 780 .4230 2,828 788
" 1.811 .1885 4418 2,152 ]
1,749 2048 4500 2.041 710
1,658 L2187 «AT30 1,982 T
1,644 +8850 4810 1,898 TR
1.802 2510 AB9R 1.543 788
1,688 +2369 5018 1.75) 782
Loddd 8403 +5088 1.650 .680
1,351 L2400 +B50BT 1,585 6357
2.204 #2440 5038’ 1.365 +B78
14087 2ATL 5046 l.844 B3R
<936 2541 5108 1.089 456
786 2613 5198 858 )
878 2648 8315 2855 «RBB
330 2614 + 8315 384 187

22INL
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TARLE II

8ix-Blade Right-Hand Propeller

TABLE 11

8ix-Blade Right-Hand Fropsller

B8* at 0.75 R

¥/aD Op cp c, n
2,888 0, 1487 0,862 3.134 0,634
2.817 »1628 +890 3,055 684
2.776 #1785 «708 8,978 .088
2,738 +18%0 « TR0 2,920 + 698
B.897 »1897 o738 2,808 »698
2.647 «1988 <747 2,804 «'703
2.50% +2)01 o768 8.741 718
£.816 L2247 #7681 2,640 2783
2,470 . «789 2.506 «789

N «£370 » 798 2.660 «788
2.410 «B41) «808 8,880 784
2,367 +2468 »808 2.468 « 781
2,812 «2511 <818 8.400 « 713
2.847 +2683 «818 £.387 «096
R.208 +2868 +817 2.R90 898
g.178 2535 +814 2.8487 + 678
R.108 «R639 «808 2,108 <864
2,038 «RB3Y «702 Re +850
1,968 +2519 «T81 2,060 +838
1,889 24968 «769 1.989 »818
1.888 «2484 <761 1,927 598
1,760. «2470 <T84 1.866 «576
1,689 «R467 » 746 1.798 568
1,621 . «T48 1.782 537
1,564 2462 738 1.662 588
1,489 2455 783 1.884 «490
1,388 «2460 786 1,478 «409
1,138 2445 726 1.4 « 583

«800 « 2436 789 983 «303

«681 +2430 789 «706 +280

«811 2438 787 <546 171

85° at 0,75 R

/oD Cy Cp c, "
3,961 0,280% 1.580 3.848 0,874
3,880 . 1.828 3.578 o591
3.807 2420 1.833 3.499 »600
3.741 . 1.538 . -609
3.668 .2854 1.537 3.388 618
3,820 <2648 1,836 3.328 .24
3.860 <2788 1.538 3,271 .631
3,520 8754 1,535 3,827 - 630
5,434 . 1,533 3.168 .80
3.371 -2850 1.527 3.102 .629
3.870 -8878 1.817 3.018 .€19
5.800 . 1,204 2,980 +609
5,148 -2830 1,481 2,913 - 600
3,080 +82800 1,451 2,843 <590
2,992 <2787 1,431 2,701 -580
2.948 -2720 1.397 2,764 o573
2.870 <2647 1.358 2,699 +589
2,820 +8620 1,837 2,660 588
2,768 +RBB5 1.303 2,621 542
2,868 2478 1.288 2,648 +588
2,579 «R428 1.224 R.AT9 512
2,433 ~2355 1,169 2,561 o491
2,311 +8208 1,138 2,888 +489
2,811 »2286 1.108 2.170 o451
2,036 «£178 1.081 £.010 ALY
1,914 .8183 1.038 1.900 «303
1,689 . 1.028 1.683 338
1,868 .1986 1.007 1,868 +309

. «1948 +996 1.429 VE78
1.248 «1878 973 1.888 o241

228'NL
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TABLE III

Tandem Propellars

Three-Blade Right-Rand; 15* at 0,78 R; Forward
Three-Blalde Lefi-NHand] 18,E° at Q.75 R; Rear
15-Parcent-Dlismetsar 3paocing

TABIE III

Tanden Fropellars

¥hree=-Klads Right-Hand? £86° at 0.75 H; Forwerd
Thras-Blade Isft-Hana! £4,6% at 0.785 R; Remr

8,5 ~Parcent-Dismster Spacing

V/aD Oy * 0, n
REHIA HE-I8 RH4TH
0.704 0.0888 0,051 | -0.0080 1377 | 0,457
o685 <0438 08 | - ,0084 1815 | .638
.808 ~0648 0588 | « 0018 1.072 | .608
o587 0813 0848 | ~ 0004 084 | 708
+500 +1033 0744 #0001 B4l | .04
478 3208 0778 +0003 94 | L0083
o428 «1273 0843 +000R 00 | 843
V384 1418 0887 +0006 o84 | L0214
V349 «1509 V008 +0008 585 | .58
,31 .1607 0929 20008 500 | 036
274 ame 10084 <0004 &3 | .88
828 11834 082 | ~ 0001 563 | .4£6
76 - 1540 0000 | - 40000 B0 | 345

V/oD

Op
U,! Cg U]
RH+LH HH=LH HH+IH

1,180
1.078
1.037
+ 968
1348
590
»B49
-808
+T86
702
«852
508
«B52
+400
ot
«307
» 508

0.0388 | 0.0680 | 0.0m5 | 1.930 | o.62e
o827 | 8% | .o0es | 1.0 | Lem0
Lm0 | 0088 | 0050 | Y.e40 | 787
o0 | ,ume | .ooss | 1824 | 708
2080 | Li7e | .00m8 | 1,431 | ,m0s
Jg88 | 241 | L0025 | 1,330 | .800
440 | L1548 | L0000 | 1835 | 706
500 | .1636 | L0000 | 1.188 | .79
J7AL | L1738 | =,0007 | L.OTR | 767
1887 | ,1885 | -.0017 | .e86 | .7R8
2080 | 1908 | -.0088 | .e08¢ | 704
838 | L1988 | -.0044 | .828 | .eme
8503 | .e0m | -.0087 | 780 | .6
o628 | .p088 | -.0072 | .6TL | .p98
2603 | 2108 | -,0078 | 007 | ,360
2707 | .2u42 | -.0000 | .540 | .BOL
2008 | .eem | -.0002 | .07 | 2
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TARLE IIT

Tandenm Propallers

Three-Nlads Right-Hand; £5° at 0,78 R; Forward
Thres~-lade Left-Esnd; 24,8% at 0.75 R; Rear
15~rorcant~Ilmmeter Epacing

PABLE III

Tandem Propellers

v/oD Oy 0, n
BEHE | HE-IA | RN

Thres-Elade Right-Hend; R8% at 0,78 H; Forwmrd

Thres-Nlade Lefi-Hand; S5° at 0,75 R; Rear

S0-Feroent-Dlimmeter Bpasing

1.12). | 0.0374 | 0.0701 | 0.,0020 | 1.908 | 0.B98
1.081 0880 0857 0021 | 1.7y 694
1.042 o787 1056 0021 | 1,848 .763
998 0038 1163 J0014 | 1.538 2802
47 1148 1366 20000 | 1.418 <800
904 2088 J1407 0008 | 1.3%0 800
856 « 1453 +1579 0008 | 1,230 <788
808 .16p8 | 1693 | -.0008 | 1.180 JTT5
758 1782 1785 | -.0003 | 1,087 o765
6 | 1060 1888 | =,0023 +004 733
»85), 018 .1900 | -.0020 . 002 703
801 BRTB 8050 | -,0030 .88 T4
Bk 2423 8078 | ~.0040 745 +838
oAQT -1 2013 | ~,0087 678 508
49 2848 B85 | ~,0078 a1 o554
308 Y38 L0195 | «.0100 534 405
+£780 2204 | -.0123 AR m

Op
v/uD Cyp Oy ]
WEHIE | BHerm | Kebim
1,121 | 0.0976 | ojome |-0.0086 | 1.00e | 0.8e2
1.0 | .0s00 | .0008 |- .0011 | 17er | .
1.088 | .om6 | .08 | .0008 | 1.608 | .ve0
[ om | .owe | s | o020 | 2.408 | .y
040 | 320 | Lm0 | L0008 | 1.8 | e
809 | .1 | .ueae | L0005 | 1318 | 768
550 | 1481 | .64 |- .0001 | 2.288 | 78O
803 | L1840 [ L2708 (- .0008 | 1.144 | TR
Jme | .m0 | L1808 [« L0009 | 1.088 | 758
2708 | 985 | .00 [- o018 | .ves | .7ev
o8 | .o | .80 [« 008 | Lo0s | .e08
04 | .3906 | 038 (- 0040 | oM | .670
546 | 2495 | L0004 |- .00 | a8 | Lem
A9 | 8548 | .m0 (- 0088 | .em | 800
449 | .moso | 9189 |- L0087 | .60 | 540
394 | RS | eEO |- L0108 | .30 | 474
309 | .oves | .38 |- .07 | a2 | .
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TABLE III

Tendem Propellers

Thyee-Blade Right-Hand; 36° at 0.75 R, Forwerd

Thyes-Blads Léftefand! 34.3% at 0.7% R; Rear

15-Ferom t-Diameter Spaaing

TABLE IXIX

Tandem Propellers

228°'NL

v/nD Oy % o, n
EH+LE RH-IH EE4LH
1.607 | o0.0874 [0.3488 | 0.0185 | 2.385 | 0.8%
1.861 20804 21687 W0120 | 9497 2140
1.513 .1005 41951 0104 | 2,082 o188
1,443 1043 +2038 L0070 | 1,047 803
1.304 1421 (2423 L0088 | 1.88 818
1,348 1568 R620 L0038 | 1,728 680
1.878 L1811 . 2890 »0011 | 1,840 .08
1.818 1008 H8001 | -,0008 | 1,868 8135
1,148 2100 WS151 | <0038 | X.440 790
1 oag 2388 23500 | =.0048 | 1.383 78R
1.008 2689 S4BT | =.0088 | 1.R40 783
42 +A710 L3568 | -.0082 | 1,180 Rt
1868 2816 L3678 | =,0138 | 1.059 084
o790 2660 2726 | -,0191 978 GLl
oA 8939 3838 | ~-.0831 688 548
030 5998 SR8 | -,0853 710 +488
+568 3048 JEOTE | -,0R67 700 48
490 S 4084 | -,087%0 .EB3 578
o488 .31 JA245 | -.0m87 508 388

Thres~Blade Right-Hand; 45° at 0,75 B; Forward
Thras-Blads PafieHand; 45,8° ab D75 E; Rear
15-Peroent-Piasster Bpasing

Op

8.838 0.08aT 0.3850 00800 2.876 0,680
1.es 2,080

2.148 N 2330 0178 ’ «T5
Elm .WB Y 40 ﬂgm ;'TBB
£,018 « 1009 3080 »0103 2,488 <8156
1, +185% +ANES 0034 2,278 «B24
1.861 +R048 +40683 »0003 2,172 +B83),
1,767 +R304 + 4940 =, 004), 8. 828
L ] «5810 «-+0088 1.012 L]

Lier +E7TRO D420 -, 0108 1,808 +80R
1-51’ EB“ nm - 015'7 1-70‘ -7‘?3
1.436 «R93% « 3680 -0198 1.609 +T40
Jum o“aa ] =, 0857 1.513 «898

-m .ﬁm --Oﬂﬂi 1:“4 0619

el « 35049 »B79%, -,0339 1.249 528
1.048 3070 B850 ~ Q580 1.164 549
+$70 w3117 1] «- 0574 1.0m7 812
rm .517‘ l““ r.DﬂG nm tm
» 795 »5580 »8080 «» 0409 h% « 425

« 86340 gﬁ . «0
»308 13568 Y3880 XY 8R4 308

III oTqQwL
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TABLE 111

Tandem Propellers

Three-Blade Right-Hsnd; 55° at 0,78 R; Forward

Three-Flade Reft-Eand; 53.1* at 0,75 R; Rear

15-Peroent-Diameter Spacing

g
V/aD Cop P Oy n
RE+LE RH-IH RH4IH

£.930 0.1788 0,678 0.,0268 3.17 0.762
2.827 +19968 <788 + 0107 3,082 «781
2,781 «£218% 2788 +0162 2.913 794
2,608 <2388 «780 <0117 2,830 «B808
2.623 2404 «807 «0087 2.740 «811
2.543 +3674 +831 +00R6 2.640 <819
2,428 +8808 . =00 2.404 «813
2,389 «3005 <878 =, 0098 24483 «809
2.9‘77 .5104 - -.0151 2.889 .796
2.225 L] 81‘7 ) 394 -10204 2 .B’M .785
2.158 +3188 897 -.0888 2.808 .768
2,072 3 .899 ".0‘10 2, 120 <739
1'950 .3150 '97‘ - .048'7 1 .982 . 595
1-8% [] 5153 L] 863 hd .0525 1. 3’78 L] 663
1.741 «3122 804 « 40817 1,797 «838
1,665 +3108 843 -o05282 1.723 «0l4
10522 . 831 --0552 1.580 n564
1.‘85 -5067 .838 --0531 1-‘79 887
1-551 .3068 0826 -'0527 1.584 « 495
1.237 «3083 «8R7 -.0588 1.287 «458
1.13 «35088 .838 -.0528 1.174 o417
1,017 «5090 837 -+0832 1.085 «376

. .3095 08"’ -.0540 .918 .325

718 «3180 <804 ~40807 <740 262

TABLE ITI

Tandem Propellexrs

Three~Blade Right-Band; 68* at 0.75 R; Forward
Thres-BElade Zeft-Hand; 62.5° at 0.76 R; Rear
15-Percent-~Plamster Spacing

V/uD Cn P o,
RESTH | RE-IH | RE4IE

S.081 0.2058 1.583 0.0443 3,640 0.747

3.848 3134 1.504 0380 3496
3,759 «3870 1,608 0238 3. 417
5.838 « 34580 1,620 0132 3,304
S.402 3030 1,682 =-+0081 3.171
Se4l4 «36008 l.628 ~40110 3.007
S.314 55778 1. 825 "10197 50010
.17 3790 1,568 <0383 2.6888
54047 3738 1.589 ~0624 2.789
.94 «3649 1.816 -2068R9 8,707

2.603 +3590 1.409 =+0881 2,619
2-“6 132“ 1.35‘ -.0846 2-419
£.430 «3133 1.898 ~,0841 2,300
2,311 +2990 1.R47 ~«0848 2.218
2.281 . ”12 1 s 981 - 00814 2. 145
2.180 «RB7TL 1.179 =.0780 2,08}
2,025 «8677 1.158 ~ 0756 1.969

l.1R2 1.838

1.788 +2581 1.118 -«Q7R0 1.717
1.680 «2510 1.108 -«0707 1.617
1,583 «R405 1.100 ~.0692 1.51)
Lo420 +2460 1.100 - 071R 1,404
1-“3 .g‘“ 1.098 ".0712 1.511
1.237 oggé 1-098 -.0754 1.208

1.010 2438 1,102 =~ 0844 902
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Figure 1.- Blade-form curves. D, diameter; R, radius to the tip; r, station
radius; b, section chord; h, section thickness;p , geometric pitch.
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Figure 2.- Three-blade tandem propellers.
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TN.822 : Fig. 6
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Figure 6.- Thrust-coefficient, power-coefficient, and efficiency curves for
three-blade right-hand propeller. '
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six-blede propeller. -
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three-blade right and left hand tandem propellers.
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Figure 9.- Design chart for three-blade right-hand propeller.
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Figure 10.- Design chart for six-blade propeller.
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Figure 13.- Summary of results at meximum efficiency.



